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Description 
BACKGROUND 

1. Field of the Invention 
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[00011 This invention relates to a method for making a martensitic stainless steel seamless pipe. The.seamjess pipe 
has high corrosion resistance an'd'ls suitable for oil country tubular goods (OCTGs). In particular, the invention relates 
to improvements in toughness and a decrease in anisotropy of toughness. . • - . 

2. Description of the Related Art ••* ."•• 

[0002] In consideration of the~advan"ce in.cfJde oifp rices and anticipated depletion.of oil. resources in the nearfuture, 
deep stratum oilfields and_high)y cojrpsiye 's^ gas fields are being. developed ^lover^wo^. _ . 

[0003] These oil. and gas fields general ^spread out at very deep layers and in severely corr.os.ye environments at 
high temperatures containing CO^cj- ons anc^hejike. Thus, OCTGs used in these fields must have high toughness 

a . . . , ... .IZ^LIJ .'VSSXrJL,..™ on«irr.nm«nts contaihind su'cn COo. CI" ions and the 

and 

like, 

marily used. 

[0004] Martensitic stainless steel seamless pipes are generally produced by the .following process: A raw steel ma- 
terial is heated to a temperature capable>f piercing, and subjected to' piercing fusing a piercing mill and elongating 
using a mandrefmill or plugTmiH to^on^^prigTnal pipe. The original pipe is reheated to an austenrri? temperature 
range and subjected to finishing Voiling ^ using a hot stretch reducing mill or a altagmlH./^^raMlmg. the composition 
of the seamless pipe comprises martens'rte. the seamless pipe is subjected to quenching from the austenrtic temper- 
ature range and tempering at a temperature below the transformation point if higher strength and highertoughness 

are required. ~*it; ; - >t ^ ■" ^"u-** ,. , 

[0005] Oil well pipes used in deteriorating well environments must have h«gh.errn^a^lcal^re^rtl.es ^ch as h.gher 
toughness at low temperatures and higher resistance to sulfide stress cracking. 
rooOST Inwaeriosafiify^Gani^ 
Vl2302^ 

of piercing and rolling a martensitic stainless steel slab at a temperature oM ,050°C to 1 ,250°C; cooling the rolled pipe 
at a a>olihg rate of 3'6°C/mfh'to at least 50b°C' and further codling the pipe to a temperature below the martensrte 
transfomiatidh^empefat'tire io ; f dmY^stegi'structure containing at least 80%' of martensite^reheating the pipe.to a 
temperature'betwe^ an*A& -transformation pointandrfinishing-rolling^the pipe at 

a reduction in area 1 of afiealf 5%;' maintaining^e pipe at the finalfinishing-rolling temperature or reheating the pipe 
to a temperature BefawWAS frahsfdrifi^iori 'poirit' immediately after the finishing;rolling:stepj and then cooiing-the 

pipe by spontaneous WTorce% method 
may include tKe steps oHeheating fte pipcTto"' a -temperature- between the^ transformation, point. 20CKC) and the 
A, trahsformiatiohl^ a reduction 'in area of at least 5%-and then cooling the pipe by 

spontaneous oTforcedair cooiihg; reheatingthVpipe to a temperature below the transformation point immediately 
after the finishing rolling step? 4nd thWcodlinglfi'epipe by spontaneous or forced air cooling. 
[0007] However, the seamless pipe produced by this method has the following problem: Since the pipe is rolled at 
a non-recrystallization temperature range, the structured 'elongated in the rolling direction. As a result, the toughness 
and corrosion resistance of the seamless pipe are high in the rolling direction, but low in the circumferential direction 
perpendicular to the rolling direction, in other words, the seamless pipe exhibits noticeable anisotropy in mechanical 
properties. 
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[0008] It would, therefore, be advantageous to provide a method for making a martensitic stainless steel seamless 
pipe having high strength, high toughness, and low anisotropy of mechanical properties, at low cost. In.the invention, 
"high strength" means a yield strength YS of the pipe of about 551 MP'a or more, and "high toughness" means an 
absorbed energy per unit area at -40°C by the Charpy impact test(herejnafte«-eferred to as "E.^") is about 90 J/cmZ 

or more. - y"*,? v *>- - • * . • - : . . 

[0009] We intensively investigated the effects'of finishing rolling conditions on toughness, and discovered that a 
seamless pipe having a fine martensitic structure with low anisotropy was obtained by reheating an original pipe that 
had been preliminarily treated so as to have a martensitic structure to a dual-phase temperature range at which both 
a ferritic (a) phase and an austenitic (7) phase; finishing-rolling the pipe at a specific initial rolling temperature and a 
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specific reduction in area; cooling the pipe; and tempering the pipe. ; ■ :f; : 

[0010] Hence, this invention is direct to a method for making a high-strength high-toughness martensitic stainless 

steel seamless pipe including an original pipe production step of heating a martensitic stainless steel raw material to 

- an austenitic range, piercing and elongating the raw material to form an original pipe, cooling the original pipe to form 
5 - a structure substantially composed of martensite in the original pipe; a finishing rolling step of f reheating the original 

: pipe to' a temperature in the dual-phase range between the A c1 transformation point and the A^.transfprmation point, 
finishing-rolling the original pipe at an initial rolling temperature T (°C) between the transformation point arid the 
transformation point, cooling the original pipe to form a processed pipe having a predetermined size; and tempering 
the processed pipe at a temperature below the A c1 transformation point. > -y • •- v)0 ~. r: --3.- . 

10 [001 1] Preferably, the reduction in area R in the finishing rolling step is in the range of about 1 6% to about 90% : and 
the initial rolling temperature T and the reduction in area R satisfies the relationship: 800 < T -.0.625R <_ 850. . * : 

. -J! J} I t 4 ■ - * * .< ■ "* . ' ." ' * t * - 1 

BRIEFDESCRIPTION OF THE- DRAWINGS. • ; : L . ~ ■.■•**-. -r : -v - ^ . •■/■•••■■< 

t5 [0012] 

Fig. 1 is a graph showing the effects of the reduction in area R and the initial rolling temperature,*] - . in finishing 
rolling on the toughness of a martensitic stainless steel seamless pipe; and 
v. « Fig.-2 is~a schematkrdiagram showings process for making the martensitic stainless steel seamless pipe in ac- 
20 " • co?dance with aspects of the invention. ■ • -* ' ---^ - <" ■ * ' 

DETAILED DESCRIPTION - fa ' ■ r 

[001 3] Any known martensitic stainless steel can be used in the invention as a raw material for a martensitic stainless 
25 steel seamless pipe. A preferable composition of the martensitic stainless steel is as follows: about 0.005% by weight 

- '(hereinafter^merely %) to about 0 ; 30% Cr about 0.10% to. about. 1 .00% Si, about 0.05% to about .2.00% Mn,cabout 
^ 0 : .03%' l or<less of P,- about 0.005% or less of S« about 10.0% to about:.15:Q% Cr r about 0.001% to about 0,05% A!;-and 

the f balarice'Fe and incidental impurities: The composition may .further -contain at least one,element : pf about 7.0% or 
less of Ni, about 3.0% or less of Mo, and about 3.0% or less of Cu; at least one element of about 0.2%.qrless of,Nb, 
30 V ^fab'ut OtaWoV less of V;:a 

0.07% or less of N; and/or at least one -element of about 010005% to about 0.0 1% Ca and about 0:0005% to jabout 

0.01% REM (rare earth metals). 

[0014] Tfi^reas;6ns,f6£t^ composition' will now.be /: d^cnbed/ • , * < r 'M-_ *29. ^ L a 

35 C: about 0.005% to about 0.30% -'- <• • ' v:-: ■. . . ■ v- - »• 'V. - £SOO! 

! [0015] GarbonlC) is an essential element for ensuring desired strength of the. martensitic stainless, steel seamless 
pipe. The desired strength is achieved at a C content of at least about 0:005%. However,, a G content-exceeding about 
^ ii0:30%* caused grains that decrease, toughness and corrosion resistance. 

40 1 >Thusrthe upper limit of the G content is preferably about 0.30% in the invention and more preferably,about.Q.22% to 
achieve higher^cbrrosion resistance: 4 v-*- • « ' ' **• - ^ - r ! ^ • , - f^-'no =^-^c b .*r-.» : ^ 

s - 



"•-^ Si^about 0.-10% to about: T;00%^ --> ^ - . » ^ • • - ^ n . . : . : . -; -; : ,o. 

45 [0016] Silicon (Si) is an essential element that functions as a deoxidizing agent in the steel making process. The 
^deoxidizing effect ^noticeable at a* Si content of at least about 0.1.0%.. However,- a Si content exce eding .-about J . : pp% 
decreases toughness and hot workability. Thus, the L upper, limit of the SKcpntent is .preferably^ ^abou^l^pp^ lybre 
preferably, the Si content is in the range of about 0.1 6% to about 0.50%. 



• ■}•■ 



- > 

v • 



so ' M n: ■ abouf 0?05%rto about 2.00% 

[0017] Manganese (Mn) is an essential element that ensures strength of-the martensitic stainless steel seamless 
pipe. The desired strength is achieved at an Mn content of at least about 0^8%. However, an Mn content exceeding 
ab'6ut,2:00%:decjlases toughness. Thus, the G content is preferably^ the rangeof about. 0.05% to about 2.00% and 
55 more preferably about 0.30% to about 1 .60%. 
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P: about 0.03% or less 

[0018] Phosphorus (P) is an element that causes a decrease in corrosion resistance, sulfide stress cracking resist- 
aKbe.^h'd Hot workability^ the P content. is preferably as low as possible. However, an extreme reduction in P content 
5 leads to a significant' increase' in process costs. Thus, the P content is about 0.03% or less in the invention in view of 
the balance between pro duct ion* costs and mechanical properties, i.e., corrosion resistance and sulfide stress cracking 

•'resistance? nr *^ rr w\t«- J* I'jG-v.'yti ■ . ..•---} yi -.■«./ 

S: about 0.005% or less •: * ; -.m • 

[0019] ^Sulfur-(S) is an element that causes a noticeable decrease in hot workability. The;P content is preferably as 
. low as possible for improving pipe productivity and improving toughness and stress corrosion cracking resistance. 
However, an extreme reduction in S content leads to a significant increase in process costs. -Thus* the S content is 
about 0.01 0% or less and more preferably about 0.005% or less in the invention in view of pipe production by a general 
15 process. "~ 

Cn-a6outlo 0%to-about 15.0% ; '- r: ^ ■ ' ■•■ <- r ' - .r* ■ - 

[0020] * Chromium* (Cr) is a primary element that ensures high. corrosion, resistance and stress corrosion cracking 
20 resistance of the martensitic stainless steel seamless pipe. The desired corrosion resistance is achieved at a Cr content 
of at least about 1 0.0%. However, a Cr content exceeding about 1 5.0% causes deterioration of hot workability. Thus, 
the Cr content is preferably in the range of about 10.0% to about 15.0%. '* ' " 

Ah about 0.001% to about 0.05% 

[6621 Aluminum '(AI) is ah element that functions as a strong deoxidizing- agent, in the steel making process. The 
" deoxidizing effect is noticeable -at- an -A! ^content of at least about 0.001%-. However, an Al content exceeding about 
0:d5% leads'to' an increase in oxide inclusions, which decrease toughness.. Thus-the upperrlimit of the A) .content is 

-•'abbut-OiO'S^^ G '.ouuia w ;• .iis'is <ar-c >•= . '■■ Z :u~fi&. '.^-.a rJ*A v> :o C '•*'<: ■< 

30 [6022]^ The'compositioh may"further contain at least one element of Ni-Morarid Cu; cat deastone element of Nb, V, 
TtfZr? B^ricf N; and/of at- l^ast one element of Ca and' REM (rare earth metals)?..^* r« -•c-t-nA \A o -*-v ,v - 

At least one element of about 7.0% or less of. Ni, about 3.0% or less of Mo, and.about 3.0% or. less o£Cu f £ i eo ? 

35 [0023] Ni, Mo, and Cu improve corrosion resistance of the pipe and may be added if :irecessajy.^qr CV^oos '} 

[0024] Ni significantly improves strength and toughness of the pipe, in addition to the corrosion resistance. These 
effects are noticeable at'a Ni content of about 1.0% or more. However; these effects are not comparable wjththe Ni 
content- If r thW-Ni'febWent exceeds' about -7s0%^ ■ i .«ui r, ooH = :a ^^vesn^ si ittty^Jo w^-h s.r-" f>ov~\ 

-* [0625] 91 MbMhcfeases corrosion tesistancer and particularly pitting corrosion. resistance.>>This effect is. noticeable at a 

40 f Mo conieht'of 'abbait^0^1%"or less/ However; if the Mo~ content exceeds about.3:0% leads to a decrease-in corrosion - 
resistance, stress corrosion cracking resistance, and hot workability due to the>formation of Y-f&rrite.- Hosri -> ^r.ri^r 
[0026] Cu contributes to the formation of a stiff protective film, which increases corrosion resistance. This effect is 
noticeable at a Cu content of about 0.1% or more. However, a Cu content exceeding ^^^^^_p^^f j^-^^^^ se 
in hot workability. 

: £t lVai^'bne r eleWf&nt bf-about 0.2%'orless-bf Nb; about 0.2% or less of-:V, about 0.3% or less of?Tl, about:0.2% or less 
of Zr°a6out 0.0005% to' about 0;01 %-B-'^and about 0.07%^ or less of iN d&^o\\? : br,t> ^on ip-jol - '.n^b 

[0027] Nb, V, Ti, Zr, B s and N improve mechanical strength such as toughness and may be added to the raw material, 
50 if necessary. However, if the raw material contains not less than about 0.2% Nb, not less_than about, 0.2%^, not less 
than about 0.3% 71, not less than about 0.2% Zr, not less than about 0.01% B, or not less than about 0.07% N, the 
toughness and corrosibh resistance decrease. n.^ ;r ■ ->-_. ■ . * - - . • • k <' 

Atieasf one elerhent of about 6.0005% to'about 0.01% Ca and abouttE0005% to about 0.01 % REM (rare earth metals) 

[0028] Ca and REM contribute to spheroidization of inclusions. Preferably the Ca content is at least about 0.0005% 
or the REM content is at least about 0.0005% for the spheroidization. However, a Ca content exceeding about 0.01% 
or an REM content exceeding about 0.01% decreases toughness and corrosion resistance. 
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[0029] The balance of the composition is composed of Fe and incidental impurities. 

[0030] A martensitic- stainless* steel molten metal having the above composition is prepared in-the invention by a 
known process using a converter orthe like. Preferably, the molten metal is cast into slabs by a continuous casting 
process^ and the slabs are rolled to form billets (raw materials for making original pipes). Alternatively, the molten metal 

5 is-l^fenS&^'caLst ihta-billets directly by-a continuous casting process. . - ■ •:• 

[003i] cc Figr : 2 shows^ outline* of the production process aecording.to selected aspects of the invention-., A billet of the 
m'artensitic v st'ainless steel having the above composition is heated.to a n~austenitic, temperature range and subjected 
to'pTeYcitfg and elongation to form' an original pipe (original pipe production step). /v....v. . .-»**■-.■ . . t 
[0032] ^ Preferably; the^austehitic temperature range is between about 1 ,100?Cc and about.1 ,300^C, A, temperature 

10 ^elow'about-l j1 00°C causes~uns'uccessful piercing and elongation due to high deformation resistance, A tempe/ature 
above about 1,300°C causes a significant decrease in hot workability and toughness due to the formation w otrfem;te, 
* and -a decrease in-V>eid and an unsatisfactory surface state due to significant s^ •. • •. - • . ' . ^ r 
[0033]^ Piercing ma^be'perfdrm'ed:by;any known piercing mills: of, a skew rolling type (Mannesmann.type) or press 
piercing type? without I imitation tjhe pierced raw material is subjected to.elongation to.form an original pipe, Jhe.elpn- 

15 gation may be performed with any known mill, such as, for example, a mandrel mill and a plug mill withoutjimitation. 
Preferably/ the elongation-is^completed at a temperature above about- 8p0°C\ »<:, : • > > - : s>- £^- r A 
[0034] After elongation, the original pipe is cooled to the martensitic transforming temperature (Ms temperature)-^ 
form a structure substantially composed of martensite in the original pipe. The term "structure substantially composed 
of martensite" means that the structure of the cooled original pipe is composed of at least about 90°/o by area of 

20 martensitic phase. The balance is composed of about 1 0% or less of austenitic phase and about 2% or less of ferrtoc 
ph^se'ThisTfiartehsitibstructure facilitates formation of a recrystailized microstructure during the subsequent reheating 
-step ifc 1f the main-phase is 'a* phase other than the martensitkrphase.the recrystallized microstructure is not formed 
dunnaTthe reheating sHep. As a result, toughness is not so significantly improved. or the toughness exhibits noticeable 

' anisotropy. — 1 ' - - " - - ' " ^ ' 1 \ 

25 [0035] > f -In the finishing rolling step; the initial rolling temperature T (°C) is between about.the A^ transformation, point 
and about the ^transformation point. A low initial rolling temperature^ below the: transformation poinUesufts in 
insufficient recrystahizationVMechanical properties exhibit sign If icant anisotropy due to .remaining. rpULng texture^ A high 
initial rolling temperature T above the A^ transformation point accelerates recrystallization after:the t roJling,step : .|As a 
consequence^ toughness is>hot improved diie to the inhibited formation of a microstructure^ AccordLngly, thexn^al 
30 "roHing'tempefature T (°G) is" set to the* range of about the transformation point to about the, A^ transformation poijit . 
[0036] Preferably, in the finishing/rblling step, the reduction in. area R is Jn .the^range of ,about,1 p^tp, about, 90%, 
• and the initial rolling temperature Tand-the reduction in area R satisfies relationship^-):-:^ >z*i je^Wj 



"' . 800 <T-0.625R<850 , A w „ A1 I 1 ). 

'C ^ itat. - '.i - j ' • •»» i ■ - •- - - • ... • ... < 



wherein the reduction in area R (%) is the ratio of a decrement by rolling to the sectional area before rollings r - - 
; HMoZ in^J R [{(^onai^rca'^fore rolling) - (seoBpn^l area aft^^il^Ms^ion^ f rea fe^prf filing)] H 

'•^PBir? »* *U'j * *• o ' ? ■ •" r * ' • •-•/ '••".rr" - . • 1 - ..»' • •?»".'' *' 

> . i. - . ■ ' jl — .... 

[0037] At a reduction in area R of less than about 1 0%, strain generated during the rolling is small. The formation of 
45 a microstructure during the rolling is inhibited. Thus, the resulting pipe does not exhibit desired strength and toughness. 
At a reduction rate in area R exceeding about 90%, anisotropy is noticeable because of elongation of the structure. 
Accordingly, the reduction in area R during the finishing rolling step is in the range of about 10% to about 90% and 
more preferably about 30% to about 70%. 

[0038] In addition, the initial rolling temperature T is preferably controlled according to the reduction in area R so 
so that these two parameters satisfy relationship (1) in the finishing rolling step of the invention. 

[0039] Fig. 1 is a graph showing the effects of the reduction in area R and the initial rolling temperatureT in finishing 
rolling on the toughness of a martensitic stainless steel seamless pipe. 

[0040] In region C, the initial rolling temperature T and the reduction in arfeafR satisfy relationship (1 ) and the initial 
rolling temperature T lies between the A c1 transformation point and the A^ transformation point. In region C, both the 
55 absorbed energy (E^o) L per unit area of the longitudinal direction (L direction) and the absorbed energy (E.^ per 
unit area of the circumferential direction (C direction) are about 1 80 J/cm 2 or more, and the ratio (E.4o) c /( e -4o)l is about 
0 80 or more. Accordingly, the pipe exhibits high absorbed energy per unit area indicating high toughness and reduced 
anisotropy in toughness. In regions A and B wherein T - 0.625R < 800, the absorbed energy per unit area in the C 
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15 



direction decreases to less than about 1 80 J/crr.2 and the ratio (E^e'^k decreases to less than about 0.80, Th.s 
indicates large anisotropy.-ln region B in which the initial rolling temperature X- is higher than the A c1 transforation 
point however, the absorbed energy per unit area in the C direction is about 90. J/cm? or more, which.is a sufficiently 
satisfactory level in practice. In regions D and E wherein 850 < T-.0.625R, the absorbed energy per unit areajn the L 
direction and the absorbed energy per unit area in the C direction decrease to less than about 180 J/cm?, However, 
in region D in which the initial rolling temperature T is lower than the transformation point, the absorbed, energy 
per unit area in- the ^direction and the absorbed energy per unit area in the. D, direction are.about.90, J/cm^. or. more, 
which is a sufficiently satisfactory level in practice. In conclusion, in ranges in which the initial-rolling temperature T 
lies between the AT transformation point and the transformation point, the absorbed energy : per unjt areajn the L 
direction and the absorbed energy per Cinit areain the D direction are about 90 J/cm? or more, which indicatessuff iciently 
high toughness in practice. < ;■ • - '- • ■•■ ■ 

[0041 1 Preferably, after the finishing rolling satisfying relationship (1 ), the pipe is cooled in air or cooled at a cooling 
rate that is lafger than th'at of air cooling. During the subsequent tempering, .a martensitic microstructure having low 
'anisbt'ropy- is formed. As~a' result, the T processed pipe (final pipe product) has high mechanical strength and small 
anisotropy 1 *'"^' ; ' r * c-"' •. . •*.-■ • .-^t.*-. ■ . v.". H? *-* ** t r[ ± - - ^ r i i -' , ~' 'o:'~.c 

[0042] Preferably, the finishing rolling step is performed using a tandem;mill,» for example, a hot stretching reducing 
mlirona sizing mill>" ■* ' .= ■ ' ' _ . 
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EXAMPLES 



r0043] Each of martensitic stainless steel molten metals having a- composition shown inTable 1 was. prepared. in a 
cohverter and cast into a^slab: by ^continuous casting process. The slab was rolled to form a billet,(matenal,fpr an 
original pipe) The billet was subjected tor piercing using a Mannesmann.type piercing mill -and. elongation^ using a 
mandrel mill to form an original pipe as shown in Table 2. After elongation, the original pipe was cooled to a temperature 
beldw'th^Ms'-poiht so tNat-the-composrtion of the pipe was substantially composed , of, a^martensitic structure r Attest 
piec^was-prepa^ part" of the original pipe and the structure, was observed, with . an. opteal. microscope.. in 

Comparative rexamplesT'onginal pipes'were reheated immediately after elongationv.wrthout. cooling tp^he, temperature 
below ^the'Ms points : - no,/^;^- ^ . •• >-...-:>rV,. ^s-^Aar 5 vodr, -u,^amei ,-,r*.iiov*fi.ii: ■ _ 

•Tb644i* Eabh^rigihalpipe^was reheated to a temperature shown in Table 2 and subjecteqvto ; fi^ 
Conditions shown in Table 2 using a hot stretching reducing mill to:form a pipe; product-.haying a size .^owry n^ble 

at a temperature shown/incTabler2vnn er* ii vtcteistevs [3£G0] 
F0045] ' Test pieces were -prepared; along the longitudinal direction j(L direction) .oteachipipepxp^uct^and.the, yield 
strength YS and tensile strength TS in the L direction were measured according to ASTM A370. The absorbed energy 
E per unit area at -40°C was measured by a Charpy impact test in the circumferential direction (C direction) and the 
L*direction according to ASTM A370. Each test piece had a thickness of 5 mm (sub size), and both ends along the C 
direction of the test piece for the C direction test were corrected. The ratio (E. 40 ) C /(E_ 40 ) L of the absorbed energy in 
the C direction to the L direction was' calculated. These results are shown in Table 3. - — • ■« " ^ ^*<*\\ 
r0046] Each pipe according to the invention had a high yield strength of 550 MPa or more and a high absorbed 
enerov per unit area in the L direction (E^),. of 1 80 J/cm* or more. The ratio (E 4o)c/(?-4o)l the absorbed energy 
Inl^ a&ordirig to invention exhibits 'high 

toughness and lowanisotropy of toughness compared with a conventional example (Pipe 8) and comparatrve examples. 
Each pipe in the comparative examples exhibited low toughness in the L direction or in the C direction and h.gh am- 
sotropy indicated by a low ratio (E^c^E.^ of less than 0.80. 
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55 1 . A method for making a high-strength high-toughness martensitic stainless steel seamless pipe comprising: 

heating a martensitic stainless steel raw materia! to an austenitic range; 
piercing and elongating the raw material to form an original pipe; 
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cooling the original pipe to form a structure substantially composed of martensite in the original pipe; 
reheating the original pipe to a temperature in a dual-phase range between the transformation point and 
the A^ transformation point; 

finish irig : rolling the original pipe at an initial rolling temperature T (°C) between the A c1 transformation point 

andtheA^^ ' : . - i'u ... ■ \ .- 

- \ SbolTnq Fhe i original pipfto form'a processed pipe^h^ 

■ . ^ Uvk^J^ «EU ? ot a temperature below the A^ ! transformation point: - 

"t ~ • ji~ . • i ' ^ i T* 

a wherein a reduction fn^ea T R t during finishing rolling isJin the range; of about 

2 ! fo^olo'iboul §6%\ andlhe^initial roliing^terh'perature T and thk reductions area R^atfefythe relationship: 800 < 

tT;- 0T625R <850. . 5. . -;. ; - i „ ■ - . i ? . . ' L- • - l . 

... . o ^ . . .... , - .. - - - ^ . c • ...... 



3. I The method of plaim 1 \ wherein the raw material contains about 0.005% by weight to about 0.30% C, about 0.1 0% 
- -to about 1^00% Si, about 0.05f/o.to.about 2.00% Mn, about 0.O3%,.Qr J^.Pi.P,^ounD^5% or Jess of S, about 
: 1 0.0% to about 1 5.0%^, [abo'ut o!ooi % to about 0.05% Al; and the balance Fe and -incidental impurities. 

4f j The@6trT^^^ further* containsj^OuT^.pyo or lessjo?Ni~ about 310% or less of 

~ r: ' Mo, and^about 3^% or less of CU; af least one element of about 0.2% or less of Nb;about 0-2% or less of V, about 
6.3,% or less of Ti, about 0.2% or less of Zr, about 0.0005% to about 0.01% B, and about 0.07% or less of N; about 
:%-to about 0.01% Ga andabout 0.0005% to about 0:01% REM (rare earth -metals).- 

» i i . I * ' ; ; }!!'{■! 

The methdd of Claim 1 , wherein the austenitic temperature is between about 11 00°C and about 1 300°C. 

6. The method of Claim 1 , wherein elongating the raw material is performed at a temperature of above about 800°C. 

: i I : - * 

1 ■ . • I i 1 ' - — I 

? i ! i 

7. ; The method of Claim^l , wherein the A^ transformation point is at about 81 5°C. , ; | .; : 

8 The method of Claim 1 , wherein the A^ transformation point is at about 920° C. • £ ! j 

: ' ." i : • " ; ; i I - i 

9 1 The:method:of Claim 1 , wherein a ! reduction in area R during finish rolling is between about 30%. and about 70%. 

i -j ; v < w • -■; < - • v. ••• • • ■ *.- ..-« !-"*» • : ; O , T - ; * : - <►* ; i 

- • . - - 1 *.*") I ■ : « ' ■*( ' -.^ * » t<-i » c-v ■ . - * ' ■■ r - - * i ! . — 7 ~ <4 [ 3_ !■ ; 

10; The method of Claim 1 , wherein the steel has an absorbed energy (E^l per unit area of a longitudinal' direction 
(L direction) and an absorbed energy (E^o) c per unit area of a circumferential direction (C direction) jof about 1 80 
J/cm 2 or more. — 1 

i * 1 ' 

.11 ; -The Method, of Qlaim J.O, wherein: a. ratio (E^o)c/(E^o) L .is a|)put O.gp; or more. ; 

- ^.7 f ' j > ••- ■ • ■ :. v . -3 . * .- * • - r • .-; . '. j ■ - 

^ — j * . 1 ' _» _ x 1 : 'j ...1 :_ *i I u««-. r,Wrs/M+N^rl onorm/ /C .-V. nor 1 1 n it 



20 • ■ 0.0005 



5. 



13. "A method.for making a high-stren 

i 1 a • J 1 °r ■ { 1 * r ! ^ 



dth Kigh-toughness rriartensitic'stelrile^steel seamless pipe comprising: 

1J 



the original pipe; 

reheating the^originai pipe to ! a temperature in a duai-phase/range.b.etweenjthe^lran and 
the A^ transformation point; 

finishing-rolling the original pipe at an initial rolling temperature T (°C) between the A c1 transformation point 
50 and the A^ transformation point; 

cooling the original pipe to form a processed pipe having a predetermined size; and 

tempering the processed pipe at a temperature below the A c1 transformation point such that the steel has an 
absorbed energy (E.^ per unit area of a longitudinal direction (L direction) and an absorbed energy (E^q) c 
per unit area of a circumferential direction (C direction) of about 1 80 J/cm 2 or more, and 
55 *a ratio (E^o/fE^L of about 0.80 or more. ~* 1 
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